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Introduction
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•MicroBooNE is a proposed Liquid Argon Time Projection Chamber (LArTPC) detector to sit in 
the Booster and off-axis NuMI beam on the surface at Fermilab.
•Combines timely physics with hardware R&D necessary for the evolution of LArTPCs.
‣Cold Electronics
‣Long Drift
‣MiniBooNE excess
‣Low-Energy Cross-Sections
‣etc...

•LArTPCs are an attractive detector technology due to excellent position/energy resolution.
•A massive (~100kTon) detector at a far location in an intense beam is the ultimate goal; What we 
learn from MicroBooNE will help us reach this goal. 

Yale TPC Event
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MicroBooNE Collaboration
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Figure 4.1: Single vessel design with multi-layered insulation.

drivers on the top of the feedthroughs. This will enable location of the readout electronics close

to the detector but not necessarily right at the feedthrough location. The change is partially

motivated by being closer to a system that can be extrapolated to a large system.

Significant progress has been made in refining the design of the experiment. Prototypes

of preamps have been built, the readout chain has been established, and Cryostat design has

progressed. By completing this detailed design work and related tests now, we anticipate

reducing the time scheduled for design work in the future.

In the following we give a summary of the main changes to the design.

4.1 Cryostat and Cryogenics

In the time since the November ’07 PAC meeting we have carried out a detailed study of three

different cryostat designs to determine which approach would minimize construction costs while

Design

4

•Cryostat (170 tons LAr) as large as can be commercially built offsite and delivered over the roads.
•Evacuable vessel with foam insulation.
•To sit on surface in on-axis Booster beam, off-axis NuMI beam. 
•TPC parameters
‣70 ton fiducial volume
‣~2.5m drift (500V/cm)
‣3 readout planes (±60o Induction, vertical Collection)
‣10000 channels (using Cold Preamplifiers)

•30 PMTs for triggering
•Purification/Recirculation system.

12m

2.6m

2.5m
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Figure 4.2: Cross Section of the Detector showing a typical warm feedthrough penetrating the

Foam insulating layers.

condensing heat exchangers in the gas buffer volume. The design and use of warm feedthroughs

in this application is 100% transferable for use in very large kiloton detectors.

To avoid the high electric field in the gas volume above the liquid level near the HV side of

the detector, a grounded conductor plane slightly below the gas-liquid interface is added. This

plane will contain the electric field from the drift electrodes and minimize the electric field in

the gas phase. Figure 4.3 shows the distribution of the field strength in the top half of the TPC

cryostat, with an ullage of about 8%.

We have developed a technique for terminating the wires. The wires will be terminated by

wrapping around brass rings with grooves, very similar to the ICARUS design. This solution
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Figure 4.3: Electric Field Map at the liquid-gas interface and additional ground plane to limit

the electric field in the gas.

prevents “creeping issues” observed during wire termination tests, when crimped terminations

are not steadfast. The brass rings are about 3mm OD, 1.5mm thick. These rings with wire

attached will be captured by the cavities in the wire holder. Tests have shown that such wire

termination can withstand wire tension up to 3kg, using 150µm SS304V wire. Figure 4.4 shows

a photograph of the new termination scheme.

We are in the process of designing and building a winding machine to study and optimize

the wire termination procedure. Figure 4.5 depicts a sketch of the mechanical fixture that will

hold the brass ring in place allowing the wire to be wrapped around it.

Mechanical studies of wire samples at room and LN2 temperature were conducted. The baseline

design specifies wires to be gold plated SS304 150µm diameter. Manufacturing and plating are

two separate processes with potential cost impact. Alternatively a CuBe (OD = 150µm) wire

has been considered to achieve comparable DC resistances with less impact on cost. Figure 4.6

summarizes the main conclusions from several mechanical measurements. Ultimately the deci-

PreAmps in cold gas



Location
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•MicroBooNE will sit on surface in on-axis Booster beam, and off-axis (LE) NuMI beam.
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Figure 3.2: The contributions from pion and kaon production to the total predicted νµ

flux in the MiniBooNE experiment. [1]

By 2010, this first horn, which is stored in the Target Service Building, will be cool

enough that this target could be salvaged. The plan is to salvage the target for the

second horn, prior to storing the horn when it needs to be replaced.

This proposal makes use of the GEANT-based Monte Carlo flux as well as the flux

errors provided by the MiniBooNE Collaboration [33]. The flavor, energy and angle of

neutrinos at the MiniBooNE detector site are simulated. The BNB neutrino beam is

dominated by νµ from π+ decays up to 2.2 GeV. Beyond this, the neutrinos from K+

decay are the majority contribution. Fig. 3.2 shows the contributions of pion and kaon

decays to the νµ flux in the MiniBooNE experiment, which uses an 8 GeV primary proton

beam. The spikes at low energy in the K-produced fluxes are due to decays of stopped

kaons in the beam dump. The average νµ flux energy is about 700 MeV.

Electron neutrinos are produced in the beam through through the π → µ→ νe decay

chain and K → πνee (“Ke3”) decay. The νe energy distribution is well constrained by

measurements of related νµ events in the MiniBooNE detector.
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Figure 2.10: LE (black) and ME (red) beam tunes for the NOA beam at the MicroBooNE

detector.

K2K has recently published a paper using neutrino induced events in the K2K near detector

to understand backgrounds to proton decay searches, p → eπ0, in the SuperK detector [27].

This was attempted in MiniBooNE for the proton decay mode p→  k, although MiniBooNE’s

detection efficiency for kaons made the measurement too difficult. While efficiency in the

SciBooNE detector is significantly better, the number of events expected in SciBooNE is too

small.

These and other studies show searches in Water Cerenkov (WC) and LArTPC detectors

for proton decay mode p→ eπ0 are limited by nuclear absorption of the pion to an efficiency of

45%. By contrast, the efficiency for measurement of proton decay mode p→  k in LArTPCs is

estimated to be 97%. The efficiency for this decay mode in WC is 14% because the k’s produced

are primarily below Cerenkov threshold.

Theory gives no preference to one decay mode over another, hence, LArTPCs add a crucial

measurement to this search. While this is very promising, to best estimate LArTPCs sensitivity

to this decay mode, actual particle interactions in LArTPCs should be used to measure efficien-

cies and backgrounds, like in the case of the recent K2K work referenced above. The copious

number of neutrino-induced interactions in MicroBooNE provide a nice sample of “signal” k’s

BNB NuMI
Total Events 100k 60k

νμ CCQE 39k 21k
NC πo 8k 7k

νe CCQE 250 1.7k
POT/year 2-3x1020 4x1020
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Physics Goals
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•Address the MiniBooNE low energy excess
•Utilize electron/gamma tag (using dE/dX information).
•Low Energy Cross-Section Measurements (NC πo, Δ→Nγ ,Kaon production, Photonuclear, ...)
•Use small (~500) sample of Kaons from BNB to study proton-decay sensitivity.
•Develop automated reconstruction.
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Discrimination via dE/dX
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Figure 2.1: Left — Black: Excess (Data-MC) events reported by MiniBooNE in the first

analysis [7]. Blue: Conservative estimate of contribution from photo-nuclear

interactions, not included in the first analysis MC (see text). If the preliminary estimate of

this new background stands, the remaining excess will be black minus blue. Right – Data

distribution compared to absolutely normalized Monte Carlo. additional bin

from 200-300 is shown. Red: total predicted background from first analysis Monte Carlo. Blue:

νµ Mis-ID background. Green: νe intrinsic background.

In this equation, me is the electron mass, Ee (pe) is the electron reconstructed energy (momen-

tum), θe is the reconstructed scattering angle, EB = 34 MeV [10], and ∆M2 = M2
n  M2

p . A

small correction is applied to E to account for the biasing effects of Fermi-smearing.

Figure 2.1 (top), shows the excess (Data MC) e-like events as a function of EQE presented

in the MiniBooNE published oscillation analysis [7], indicated by the black crosses (the blue

crosses are explained in later text). Figure 2.1 (bottom) directly compares data to absolutely

normalized Monte Carlo. In Figure 2.1 (bottom) one additional preliminary bin beyond the

published result, from 200 to 300 MeV, is presented [15]. A clear excess of events above

expectation is observed. The change in the excess from the 200 to 300 MeV bin to the next bin

is consistent, within errors, with the change in the neutrino flux.

Studies of various low-level-detector and physics distributions have produced no clear clues

on the source of the excess [16]. There is no evidence of this excess in the beam-off data.

MiniBooNE Result

300-475MeV:  96±19(stat)±21(sys) events

200-300MeV:  91±19 (stat)±25 (sys) events

MicroBooNE will have 9σ significance 
for electrons, 3.4σ for photons 



Hardware R&D
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•Purity test:
•Phase 0:  Purge vessel with argon gas, then fill with liquid, to see if high-purity liquid can be 
achieved without initial evacuation.
•Larger LArTPCs will most likely not be evacuable, so purging will be necessary.

•Cold Electronics (next slide)
•Long drift (2.5m), though not as long in massive LArTPCs, will test purity and reconstruction 
schemes.
•PMT operation in liquid will aid in understanding triggering capability necessary in future 
detectors.
•Real data essential to understanding hardware performance.
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Cold Electronics
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•Preamps will be placed inside of cryostat for first time in an LArTPC detector.
•Necessary step along the path to large detectors where signals must make long transits.
•Many questions can be answered by MicroBooNE.

•JFET/CMOS performance (~4 year development required for CMOS).
•Maintaining purity with electronics inside tank.
•Heat load due to power output of electronics in tank.
•Multiplexing signals.
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temperature. The noise levels degrade by about 30% at LAr temperature (87K) using this tech-

nology. For the steps beyond MicroBooNE where geometry dictates the need for pre-amplifiers

in LAr, a newer technology is being explored within the phase 2 R&D program.

Specifically, large scale integration, mixed analog/digital functionality design, motivates the

use of CMOS technologies. CMOS devices, the main staple of modern integrated electronics, are

capable of cryogenic operations. Preliminary tests conducted at BNL on a commercially avail-

able CMOS process cooling devices down to LHe temperature [38] shows that both NMOS and

PMOS devices were working at 77K, and subsequent failures approaching 4K were attributable

to excessive thermal stresses which caused rupture of metal lines.

MOS devices still have a much larger 1/f noise than JFETs, but, thanks to modern process

technology, they have a larger gm when operated at comparable currents. NMOS devices have

too much 1/f noise for the shaping time used in LArTPC detectors, but PMOS devices look

attractive for readout of large capacitance detectors at LAr temperature.

For example a large PMOS in a quarter-micron CMOS process with W=60mm at a current

of 10mA, is simulated to show a low en=0.25nV/Sqrt(Hz) and a capacitance CISS= 116pF, and

a still acceptable 1/f noise, based on noise data measured at room temperature.

Figure 3.1: Comparison of ENC(noise-to-signal ratio) for JFET devices in different conditions

and for PMOS monolithically integrated transistors.
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Figure 4.7: Single Channel Readout design changes. A comparison between the baseline design

described in the proposal and the newer, more economical, version

The baseline design has been re-evaluated in light of R&D and cost considerations and updated

accordingly. The main changes are to the cryostat and readout electronics, as described here.
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Figure 4.8: First discrete quad-channel pre-amplifier prototype for MicroBooNE.

Figure 4.9: Wire-holder, pre-amplifier hybrids and motherboards. 3D model of the overall

assembly.

Quad-channel Pre-Amp prototype

Readout Chain Evolution in Addendum
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Figure 4.1: Single vessel design with multi-layered insulation.

drivers on the top of the feedthroughs. This will enable location of the readout electronics close

to the detector but not necessarily right at the feedthrough location. The change is partially

motivated by being closer to a system that can be extrapolated to a large system.

Significant progress has been made in refining the design of the experiment. Prototypes

of preamps have been built, the readout chain has been established, and Cryostat design has

progressed. By completing this detailed design work and related tests now, we anticipate

reducing the time scheduled for design work in the future.

In the following we give a summary of the main changes to the design.

4.1 Cryostat and Cryogenics

In the time since the November ’07 PAC meeting we have carried out a detailed study of three

different cryostat designs to determine which approach would minimize construction costs while

Liquid Argon in the U.S.

9

View of the T962 cryostat installed upstream of the MINOS near detector at FNAL
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Demonstration
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Poster Session
Posters at 2008 Users Meeting:
“Current Status of the ArgoNeuT Experiment”                                                          
-Taritree Wongjirad (Yale/Duke)
“MicroBooNE: Low Energy Neutrino Detection in Liquid Argon”                
- Brian Walsh (Yale)
“LAr5: Liquid Argon TPC for Long Baseline Neutrino Physics”                   
- Andrea Albert (Rice) and Becca Jackson (Yale)
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MicroBoone is the next step for this 
evolving technology.



Conclusion
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•MicroBooNE is a proposed LArTPC detector that combines physics and detector R&D.
•Main physics goals are to study the MiniBooNE excess, measure low energy cross-sections, and 
develop simulation/reconstruction software for LArTPCs.
•Detector R&D questions relevant for future massive LArTPC detectors (long drift, purity, cold 
electronics) will be addressed.
•Proposal and addendum have been submitted to the PAC this past year....we hope to hear back 
from them in the coming weeks.  

www-microboone.fnal.gov



 

BACK UP SLIDES
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Noble Liquids: Properties  

Water

Boiling Point [K] @ 
1atm 373 4.2 27.1 87.3 120.0 165.0

Density [g/cm3] 1 0.125 1.2 1.4 2.4 3.0

Radiation Length [cm] 36.1 755.2 24.0 14.0 4.9 2.8

Scintillation [γ/MeV] - 19,000 30,000 40,000 25,000 42,000

dE/dx [MeV/cm] 1.9 1.4 2.1 3.0 3.8

Scintillation λ [nm] 80 78 128 150 175

•Ionization and scintillation light used for detection (transparency to own scintillation).
•Ionization electrons can be drifted over long distances in these liquids.
•Very good dielectric properties allow high-voltages in detector.
•Argon is cheap and easy to obtain (1% of atmosphere).
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http://en.wikipedia.org/wiki/Image:HeTube.jpg
http://en.wikipedia.org/wiki/Image:HeTube.jpg


Cryogenics
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•Preliminary studies have been performed to understand thermal load of system.
•~16” glass foam insulation
•3.4kW total load (13W/m2)  
•Temp. gradient <<0.1K
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